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I .  PROGRAM  OBJECTIVES 


Project  MALLARD  is  a  program  for  the  design  and  development  of  a 
digital,  automatically  switched  communication  system  for  the  field  Army 
with  characteristics  as  described  in  the  project  MALLARD  Quadripartite, 
Communications  Plan,  and  Proposals  for  Research  and  Development.  This 
digital  system  will  be  designed  to  transmit  full  duplex  voice,  teletype, 
facsimile,  and  digital  data  at  various  speeds  with  total  traffic  security. 
The  communication  links  between  points  will  use  many  different  devices 
such  as  cable,  microwave,  radio,  etc.  as  appropriate  for  the  particular 
link.  Troposcatter  paths  of  150  to  250  km  nominal  are  to  be  used  in  areas 
where  direct  cable  or  simple  microwave  systems  are  not  applicable. 

The  objective  of  this  program  is  to  obtain  data  necessary  for  the 
design  of  troposcatter  modems  for  use  in  future  MALLARD  troposcatter  sys¬ 
tems.  In  support  of  this  objective,  propagation  data  are  being  collected 
over  three  types  of  troposcatter  paths  to  empirically  determine  cross 
correlation  versus  frequency  spacing  and  other  fade  statistics  to  provide 
a  basis  for  the  determination  of  the  maximum  bit  rates  that  can  be  satis¬ 
factorily  transmitted  by  frequency  diversity  methods  with  a  stated  error 
probability  under  known  conditions  of  path  length,  path  terrain,  season, 
antenna  size  and  beamwidth,  radio  frequency  band,  occupied  bandwidth, 
radiated  power,  and  frequency  spacing.  These  data  are  also  directly 
applicable  to  the  prediction  of  space  diversity  maximum  bit  rates  at 
stated  error  probabilities  since  the  correlation  bandwidth  and  fade  sta¬ 
tistics  directly  affect  the  error  probabilities  and  bit  rates  obtainable. 

The  propagation  data  are  being  collected  through  the  use  of  a  fixed 
C-  and  X-band  transmitting  system  located  a"  the  RADC  troposcatter  test 
site  at  Model  City,  New  York.  The  receiving  instrumentation  is  located  in 
a  special  van  that  is  moved  to  various  locations  to  provide  variations  in 
terrain. 

During  the  phase  covered  by  the  first  interim  report  (Reference  1), 
a  literature  review  on  previously  available  data  on  correlation  bandwidth 
was  made.  Later,  these  data  will  be  combined  with  the  field  test  data 
to  form  the  basis  to  correlate  bandwidth  and  other  fade  and  propagation 
statistics  in  terms  of  identifiable  parameters  such  as  terrain,  path 
length,  weather,  frequency,  and  beamwidth. 
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II.  SUMMARY 

This  second  interim  report  on  correlation  bandwidth  over  troposcatter 
paths  is  concerned  primarily  with  the  data  obtained  during  the  first  set 
of  operations  on  each  of  the  three  paths.  Some  practical  considerations 
are  presented  relative  to  the  effects  that  are  brought  about  by  the  sta¬ 
bility  of  the  atmosphere  in  the  common  volume .  It  appears  that  two 
mechanisms  are  contributing  to  the  correlation  bandwidth  either  singly  or 
simultaneously.  A  computer  study  has  been  made  to  test  the  effect  that  the 
variables  have  on  correlation  bandwidth  using  the  ray  tracing  technique 
introduced  in  the  first  interim  report.  Using  temperature,  humidity, 
pressure,  and  the  distance  between  sites,  it  was  found  that  these  variables 
alone  are  not  sufficient  to  describe  the  correlation  bandwidth.  The  resul¬ 
ting  computations  appear  to  require  only  a  scale  factor  to  be  correct.  Work 
is  continuing  to  perfect  the  model  in  so  far  as  possible  to  predict  corre¬ 
lation  bandwidth  with  only  surface  measurable  variables. 

The  field  tests  have  been  performed  over  the  three  paths  in  New  York 
State  plains  region  with  the  receiver  instrumentation  van  located  in 
Ontario  Center  for  three  weeks;  Weedsport,  N.  Y.  ,  for  three  weeks;  and 
Point  Petre,  Canada,  for  two  weeks.  This  report  is  concerned  primarily 
with  the  presentation  of  the  reduced  test  data  from  the  operation  during 
this  period. 

The  field  data  presented  herein  were  inserted  into  the  computer 
system  on  magnetic  tape  and  were  plotted  by  a  computer  controlled  plotter. 
For  this  interim  report  the  data  are  presented  on  a  test  by  test  basis  so 
that  the  individual  happenings  on  each  test  can  be  appraised  and  compared 
with  other  individual  events.  This  enables  the  simultaneous  events  occur¬ 
ring  at  X  and  C-bands  to  be  evaluated  in  all  factors  involving  tropo¬ 
spheric  propagation  over  the  typical  MALLARD  links.  The  next  interim 
report  will  contain  the  percentile  plots  of  all  variables. 

The  correlation  bandwidth  over  troposcatter  paths  has  been  found  to 
be  anything  but  constant  over  these  paths.  It  was  found  to  vary  signifi¬ 
cantly  over  a  fifteen  minute  period  from  very  wide  to  very  narrow  and  vice 
versa.  Fade  rates  are  much  more  widespread  over  these  paths  than  they 
were  over  the  ECOM/Tobyhanna  path  in  1968  (Reference  2).  Some  of  the  high 
fade  rates  are  due  to  aircraft,  but  most  of  them  were  due  to  propagation 
factors  present  in  the  New  York/Lake  Ontario  area.  Some  ducting  was  noted 
at  Ontario  Center  and  at  Point  Petre.  The  signal  levels  at  Whitford  Field 
near  Weedsport,  N.  Y.  ,  were  usually  very  low  and  ducting  was  never  noticed. 
An  interesting  finding  in  this  program  is  that  the  use  of  X-band  in  place 
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of  C-band  resulted  in  very  nearly  the  same  degree  of  frequency  diversity 
obtainable.  At  X-band,  the  fade  rates  were  much  higher  than  at  C-band. 

As  a  result ,  adaptive  frequency  modems  would  have  to  be  capable  of  coping 
with  the  fade  rates  which  are  twice  that  of  C-band.  Frequency-time  modems 
are  insensitive  to  fade  rate  and  would  also  operate  better  in  the  high 
fade  rate  condition  because  the  burst  error  occurances  would  be  of  shorter 
duration . 

All  technical  instrumentation  problems  were  solved  through  the  efforts 
of  RADC ,  ECOM,  and  Martin  Marietta  personnel.  These  ranged  from  routine 
maintenance  and  obtaining  special  test  equipment  to  the  replacement  of  the 
C-band  transmitter  equipment.  One  unsolvable  problem,  however,  was  the  low 
signal  strength  at  Whitford  Field.  The  nearby  trees  caused  the  path  to 
use  a  higher  transmitter  takeoff  angle  than  originally  calculated,  hence 
there  was  about  10  to  15  dB  greater  loss  in  the  path  than  was  anticipated. 
The  cross  correlation  data  and  fade  rates  obtained  at  the  Whitford  site 
were  satisfactory,  but  the  depth  of  fade  and  fade  durations  were  often  not 
reported  due  to  lack  of  fade  margin  in  the  instrumentation.  Nevertheless, 
sufficient  data  were  obtained  to  evaluate  the  site  in  all  variables. 
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III.  FADE  RATE -CORRELATION  BANDWIDTH-STABILITY 
IN  THE  COMMON  VOLUME 

It  was  predicted  in  the  first  interim  report  that  there  would  be 
two  different  propagation  mechanisms  in  effect.  When  the  air  in  the 
common  volume  is  stable,  layers  will  tend  to  occur.  These  layers  will 
reflect  the  waves  with  relatively  small  multipath  spread.  When  the 
air  in  the  common  volume  is  unstable,  turbulence  will  occur.  This 
results  in  incoherent  scatter  from  a  turbulent  volume  with  a  resulting 
greater  multipath  spread. 

The  experimental  data  confirm  these  conclusions.  It  can  be  shown 
that  stability  of  the  air  in  the  common  volume  will,  in  addition  to 
reducing  the  correlation  bandwidth,  also  cause  an  increased  fade  rate. 
This  conclusion  is  verified  by  the  experimental  data. 

A.  FADE  RATE 

Time  selective  fading  (fading  in  the  time  domain)  is  caused  by 
constructive  and  destructive  interference  by  wavelets  scattered  by 
different  scatterers  as  shown  in  Figure  1.  The  doppler  shift  imparted 
to  a  particular  wavelet  depends  on  the  direction  and  magnitude  of  the 
velocity  of  the  soatterer.  Birkemeier  (Reference  3)  has  shown  that 
under  certain  conditions  there  is  a  relationship  between  the  crosspath 
wind  and  fade  rates.  Under  turbulent  conditions  this  relationship 
usually  does  not  exist  since  the  velocity  of  the  scatterers  due  to 
turbulence  will  be  the  dominant  factor. 


Figure  1.  Two  Path  Model  Illustrating  the  Origin 
of  Time  Selective  Fading 
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There  are  thus  at  least  two  different  mechanisms  that  lead  to 
high  fade  rates.  One  is  strong  crosspath  wind,  another  is  turbulence 
in  the  common  volume.  Strong  crosspath  wind  does  not  lead  to  decreased 
correlation  bandwidth  while  turbulence  in  a  common  volume  usually 
does.  Therefore,  care  must  be  exercised  in  analyzing  the  data  to  spot 
the  periods  when  the  troposphere  is  turbulent. 

B.  STABILITY  OF  THE  AIR  IN  THE  COMMON  VOLUME 

The  stability  of  the  air  within  the  common  volume  plays  an  impor¬ 
tant  part  in  determining  the  correlation  bandwidth  of  the  troposcatter 
link.  The  correlation  bandwidth  under  stable  conditions  can  be 
evaluated  as  shown  in  Reference  1  from  path  parameters  and  gross 
meteorological  parameters  contributing  to  instability. 

The  reason  for  instability  of  the  air  in  the  common  volume  must 
be  sought  in  the  thermodynamics  of  the  air  in  the  layer  from  about 
500  to  2000  meters  above  smooth  earth  level.  When  a  small  volume  of 
air  is  raised  it  will  undergo  an  adiabatic  expansion.  Work  is  required 
to  make  the  air  expand  adiabatically. 

As  the  air  expands  it  cools  off.  If  it  were  an  ideal  gas,  this 

could  go  on  indefinitely.  However,  since  the  air  contains  water  vapor 

It  will  eventually  reach  a  point  where  the  temperature  reaches  the 
dew  point  of  the  mixture.  Further  rising  of  the  air  will  cause  an 
adiabatic  expansion  with  condensation,  a  so-called  pseudoadiabatic 
expansion.  In  this  latter  phase,  energy  is  released.  If,  on  balance, 
energy  is  released  when  a  small  volume  of  air  is  raised,  the  air  is 
In  an  unstable  condition. 

Information  to  be  used  for  estimating  the  stability  of  the  atmos¬ 
phere  can  be  gained  from  sonde  data  of  temperature  and  humidity  as  a 
function  of  pressure  (altitude).  For  example,  consider  the  pressure- 
temperature  curve  shown  in  Figure  2.  .The  work  required  to  lift  a 

small  volume  of  air  from  the  950  mb  level  where  it  will  be  at  a  tempera¬ 

ture  Tq  to  the  85O  mb  level  where  It  will  be  at  the  temperature  T4  can 
be  estimated  as  follows: 

Initially  the  air  will  expand  adiabatically  parallel  to  the  adiabatic 
direction  until  it  is  saturated.  This  is  the  point  M2.  From  M2  to  the 
850  mb  level  the  air  will  expand  pseudoadiabatically ,  i.e.  ,  with  condensation. 
Thus  the  air  will  arrive  at  the  85 0  mb  level  at  point  M3.  The  area  between 
the  P-T  curve  and  the  path  M1M2M3M4,  counting  area  on  the  right  side  of  the 
curve  as  positive,  represents  the  work  required  to  move  a  small  volume  of 
air  from  the  950  mb  level  to  the  850  mb  level.  If  this  work  is  positive, 
the  atmosphere  is  stable;  if  it  is  negative,  the  atmosphere  is  unstable. 

The  method  outlined  in  this  section  allows  estimating  the  stability 
of  the  air  in  the  common  volume  from  detailed  weather  bureau  reports. 

If  one  postulates  a  suitable  thermodynamic  model  for  the  atmosphere 
it  might  be  possible  to  obtain  a  fairly  good  estimate  of  the  P-T 
curve  from  a  sequence  of  ground  based  temperature  measurements. 
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Atmospheric  Pressure 


P-T  Curve 


Temperature 


Figure  2.  Pressure-Temper ature  Curve  Used  for  Estimating 
the  Stability  of  the  Air  in  the  Common  Volume 


C.  CORRELATION  FUNCTION  COMPUTER  STUDY 

The  ray  trace  computer  code  presented  in  the  first  interim  report 
was  modified  extensively  to  model  the  predicted  correlation  function 
for  a  given  troposcatter  link.  The  modified  computer  program  presented 
in  detail  in  Appendix  A  of  this  report  computes  the  surface  meteror- 
logical  conditions  in  the  vicinity  of  the  common  volume.  Subsequently, 
ray  trace  solutions  for  the  upper  and  lower  antenna  beam  edges  based 
on  antenna  beamwidth  and  link  geometry  permits  evaluation  of  the 
multipath  spread,  A,  in  microseconds.  The  Gaussian  form  of  envelope 
correlation  coefficient  is  then  employed  to  numerically  evaluate  the 
function  versus  frequency  separation  in  MHz. 

A  scale  factor,  SF,  is  employed  in  the  correlation  bandwidth 
model  used  in  the  computer  program,  and  in  general  must  be  evaluated 
to  get  good  agreement  between  the  empirical  and  theoretical  data.  For 
instance  as  indicated  in  the  first  interim  report,  if  SF  =  1.1^6  tt , 
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good  agreement  between  the  Rice  and  Sunde  envelope  correlation  function 
models  result.  Subsequently,  prediction  of  the  correlation  function 
as  based  on  the  geometry  can  be  obtained.  While  this  model  may  particu¬ 
larly  be  good  for  the  more  isotropic  scattering  case,  the  model  breaks 
down  in  that  it  does  not  account  for  change  in  the  scattering  mode 
such  as  due  to  turbulence  within  the  common  volume.  Thus,  since  the 
scale  factor,  SF,  can  suitably  be  determined  to  get  good  curve  fit 
between  the  theoretical  and  experimental  data,  it  should  be  possible 
to  then  relate  SF  to  other  more  important  factors  which  account  for 
large  changes  in  the  correlation  bandwidth  throughout  the  day.  For 
instance,  when  the  scattering  mechanism  is  due  principally  to  turbulence 
within  the  common  volume  which  might  occur  for  an  unstable  troposphere, 
it  has  been  found  that  the  correlation  bandwidth  is  inversely  related 
to  fade  rate.  It  is  also  known  that  fade  rate  at  a  given  frequency 
increases  with  path  length.  In  conclusion  then,  by  careful  correlation 
of  the  experimental  data  with  meteorological  conditions  and  the 
computer  model,  it  should  be  possible  to  relate  SF  to  other  factors. 

This  will  be  one  of  the  objectives  to  be  pursued  during  the  next  period 
and  the  results  presented  in  the  next  interim  report. 

To  illustrate  this  point  the  correlation  bandwidth  model  was 
evaluated  to  compare  with  the  Whitford  C-band  and  X-band  data  taken  cn 
29  August.  The  computer  output  for  four  cases  selected  is  presented 
in  Appendix  A.  For  this  selected  example,  Ns  and  the  multipath  spread 
as  based  on  the  geometry  and  weather  conditions  was  almost  identical 
for  all,  yet  wide  differences  in  the  correlation  bandwidths  were 
observed.  Curve  fitting  the  theoretical  curves  with  the  experimental 
curves  has  determined  that  the  following  values  of  scale  factor  were 
necessary: 

Correlation  Band-  Scale  Factor, 


Time 

Data 

width  (P^  =  0.4) 

SF 

1450 

X-wide 

1.3  MHz 

3.34 

1535 

X-wide 

3.0  MHz 

1.45 

1450 

C -wide 

.  1.2  MHz 

3.61 

1550 

C -wide 

2.7  MHz 

1.61 

The  scale  factor  corresponding  to  the  1450  data  was  in  both  cases,  in 
good  agreement  with  that  derived  from  the  Sunde  and  Rice  Models  with 
SF  »  1.146  7 r,  and  as  such  was  directly  related  to  the  multipath  spread. 
However,  for  the  1535  and  1550  data,  the  correlation  bandwidth  was  over 
twice  that  for  the  1450  data  and  could  not  be  accounted  for  by  the 
change  in  Ns  as  mentioned  previously. 
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IV.  REDUCED  DATA 


This  report  contains  typical  samples  of  the  reduced  data  from  the 
first  round  of  the  three  paths.  The  transmitter  is  located  at  the  RADC 
test  site,  Model  City,  N.  Y.,  and  the  receiver  sites  are  located  at  the 
RADC  test  site,  Ontario  Center,  N.  Y.;  Whitford  Field,  Weedsport,  N.  Y. ; 
and  Point  Pet  re,  Ontario,  Canada.  The  sites  and  path  profiles  are  dis¬ 
cussed  at  length  in  Reference  1. 

The  receiving  instrumentation  operated  for  a  period  of  about  three 
weeks  at  each  site,  recording  signal  strength  versus  time  on  magnetic 
tape.  There  were  five  signals  for  C  and  five  signals  for  X  band  spaced 
so  as  to  obtain  cross  correlation  coefficient  calculations  every  1  MHz 
from  1  to  9  MHz.  A  special  spacing  of  200  kHz  was  used  for  the  narrow 
spacing  tests.  This  latter  spacing  was  primarily  used  to  determine  the 
behavior  of  the  cross  correlation  coefficient  versus  frequency  at  the 
origin.  The  middle  channel  of  both  tvpes  of  measurements  was  used  to 
calculate  the  fade  statistics  for  each  test. 

The  magnetic  tapes  were  processed  in  the  Martin  automatic  data 
reduction  equipment  (MADRE)  and  a  CDC  6^00  computer  at  the  Martin 
Marietta  Orlando  facility.  Five  minutes  of  each  C-band  test  and  2.5 
minutes  of  each  X-band  test  was  reduced  as  a  separate  entity  and  the 
results  plotted  by  a  Calcomp  automatic  plotter.  Each  test  was  plotted 
for  cross  correlation  coefficient  and  fade  rate  distribution.  If 
available,  the  fade  duration  distributions,  fade  depth  distributions, 
and  signal  amplitude  distributions  were  plotted. 

Generally,  there  were  five  plots  made  for  each  test,  making  the 
number  of  curves  for  the  first  round  of  testing  enormous.  All  of  these 
curves  have  not  been  included  in  this  report;  rather,  representative 
plots  are  presented  with  discussions  of  each  case. 

In  viewing  the  curves  it  is  important  that  the  wrong  impression  is 
not  conveyed  by  the  automatic  plotter.  The  cross  correlation  coef¬ 
ficients  are  defined  as  unity  at  the  origin  of  the  curve  versus  frequency. 
As  the  pen  moves  to  the  next  several  points,  a  subroutine  in  the  computer 
draws  a  smooth  curve  through  the  points.  The  derivative  at  the  origin 
is  expected  to  be  zero,  but  the  plotter  cannot  draw  it  as  such  without 
modifying  the  software.  It  therefore  proceeds  to  create  a  non-zero 
derivative  at  the  origin. 
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A  typical  test  number  can  be  interpreted  as  follows: 


09  25  1118  06  W  C 


C-band 

Wide  frequency  spacing 

Sixth  test  of  the  day 

Test  started  at  1118 

The  twenty  fifth  day  of  the  month 

The  ninth  month 


Other  suffixes  are: 


NC  Narrow  C-band 
WX  Wide  X-band 
NX  Narrow  X-band 

Included  in  Appendix  B  is  a  complete  listing  of  all  the  test  runs 
at  all  three  sites.  These  lists  contain  the  tests  in  numerical  sequence 
with  pertinent  facts  such  as  weather  in  the  vicinity  of  the  transmit  and 
receive  sites  and  the  median  signal  strengths  measured  in  dB  below  1  mW. 
Unless  otherwise  stated  the  transmitter  power  for  Ontario  Center  and 
Point  Petre  at  X  band  is  1000  watts  peak  with  a  duty  cycle  of  0.20  per 
channel  and  at  C  band  the  power  is  500  watts  peak  with  the  same  duty 
cycle.  At  Whitford  Field  the  X-band  power  is  boosted  to  1500  watts  and 
the  C-band  power  remained  at  500  watts.  The  narrow  spacing  tests  used 
FM  with  a  modulation  index  of  1.81l.  The  FM  system  therefore  provides 
five  significant  lines  of  CW  spectra  separated  by  200  kHz.  The  central 
line  is  5  dB  below  the  two  adjacent  lines,  and  the  next  two  lines  moving 
out  from  center  is  the  same  amplitude  as  the  central  line.  The  total 
power  at  C  band  is  500  and  at  X  band  is  1000  watts  CW. 


The  signal  generator  calibration  on  the  wide  band  tests  uses  a  peak 
power  in  dBm  with  the  signal  generator  pulsed  at  a  0.20  duty  cycle.  For 
the  narrow  band  tests  the  calibration  is  by  CW. 

Appendix  C  contains  a  listing  of  the  August-September  weather  for 
Rochester. 
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A.  CROSS  CORRELATION  COEFFICIENTS 


Correlation  bandwidth  data  taken  simultaneously  on  the  X-  and  C-band 
frequencies  have  been  observed  to  be  less  frequency  dependent  than  was 
predicted  in  an  earlier  MALLARD  troposcatter  test  program  (Reference  2, 
page  103).  The  correlation  bandwidths  measured  simultaneously  on  13 
August  1969  at  Ontario  Center  result  in  very  nearly  the  same  curves  test 
by  test  for  both  X  and  C  bands  (Figures  3  and  1+) .  This  observation 
appears  to  be  representative  of  the  most  probable  situation  throughout 
the  summer  data.  The  data  from  the  Whitford  Field  (Figures  5  and  6) 
also  show  this  same  trend.  However,  the  overwater  path  to  Point  Petre 
does  not  exhibit  the  same  correlation  bandwidths  for  X  and  C  bands  to 
the  same  degree  as  the  Ontario  Center  and  the  Whitford  data.  In  Figures 
7  and  8,  test  1  shows  X  and  C  band  to  be  the  same,  while  in  the  other 
two  tests,  the  C-band  data  are  greater  than  the  X-band  data,  which  is 
contrary  to  the  expected  result.  The  tests  on  17  September  (Figures  9 
and  10)  show  the  X  band  as  greater  than  the  C  band.  The  seven  runs  made 
on  23  September  however  show  almost  identical  bandwidths  for  both  frequen¬ 
cies  (Figures  11  and  12).  The  Point  Petre  correlation  bandwidths  can  be 
summed  up  for  the  summer  data  as:  Usually  the  X  band  has  a  somewhat 
greater  bandwidth  than  the  C  band.  The  percentile  plots  which  are 
scheduled  for  the  next  report  will  present  the  more  exact  relationships, 
but  for  now  it  can  be  said  that  the  correlation  bandwidths  are  approximately 
equal  a  sufficient  percentage  of  the  time  to  assume  that  frequency  diversity 
is  essentially  equally  available  at  X  band  as  it  is  at  C  band.  One  can 
conclude  that  the  multipath  spread  is  approximately  the  same  for  either 
frequency  and  hence  the  wider  antenna  beamwidth  of  C  band  does  not  result 
in  additional  scatter  volume. 

The  most  important  implication  of  this  finding  is  that  frequency 
diversity  at  X  band  is  equally  available  as  it  is  at  C  band  when  using  10 
foot  antennas.  In  fact,  the  C-band  10  foot  antennas  have  a  beamwidth  that 
evidently  illuminates  considerably  more  than  the  maximum  effective  scatter 
volume  for  these  paths  which  are  typical  of  the  MALLARD  troposcatter  link. 
Another  conclusion  which  is  evident  regarding  C  band  is  that  the  beamwidth 
can  be  reduced  by  increasing  the  antenna  diameter  without  losing  frequency 
diversity.  Just  how  far  we;can  go  in  this  direction  can  be  worked  out 
from  RAKE  data,  but  for  now  we  know  that  we  could  increase  the  C-band  gain 
to  at  least  the  same  as  the  present  X-band  gain. 
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Figure  6.  Envelope  Cross  Correlation  Coefficients 
Whitford  Field,  Summer;  X-Band,  Wide 
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FREQUENCY  SEPARATION  IN  MHZ 

Figure  8.  Envelope  Cross  Correlation  Coefficients 
Point  Petre,  September;  X-Band,  Wide 
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Figure  11.  Envelope  Cross  Correlation  Coefficients 
Point  Petre,  September;  C-Band,  Wide 


Figure  12.  Envelope  Cross  Correlation  Coefficients 
Point  Petre,  September;  X-Band,  Wide 
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B.  DIURNAL  EFFECTS  ON  CORRELATION  BANDWIDTH 


The  diurnal  effects  shown  in  Figures  3  and  b  are  of  great  interest 
because  of  the  marked  discontinuity  between  the  fourth  and  fifth  test  on 
13  August  at  Ontario  Center.  The  same  discontinuity  is  observed  for  both 
C-  and  X-band  testing.  Examination  of  the  Rochester,  N.  Y.  weather  records 
for  that  day  do  not  indicate  any  marked  change  in  the  weather  observed  on 
the  ground,  but  quite  evidently  significant  changes  had  taken  place  in  the 
common  volume . 

A  study  of  the  fade  rate  distributions  will  show  that  the  fade  rates 
were  in  general  dropping  throughout  the  day  (Figures  13  and  lL),  except 
during  the  discontinuity  in  correlation  bandwidth  at  which  time  the  fade 
rates  increased.  This  suggests  that  two  competing  processes  were  in  effect 
at  the  time  of  the  discontinuity.  Similarly,  the  distribution  of  fade 
durations  (Figures  15  through  18)  of  the  first  four  wideband  tests  show 
no  particular  variation  between  the  first  four  tests  which  resulted  in  the 
wide  correlation  bandwidth  and  the  remaining  tests  which  resulted  in  the 
narrower  bandwidth  group. 

While  one  cannot  be  conclusive  about  the  weather  aloft ,  one  can 
hypothesize  that  the  scattering  mechanism  changed  from  a  stable  phenomenon 
such  as  layers  to  a  more  turbulent  phenomenon  in  which  the  atmosphere  is 
unstable.  A  model  for  predicting  this  unstable  behavior  is  currently 
under  study  and  is  scheduled  for  inclusion  in  the  next  interim  report. 
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Figure  14.  Fade  Rate  Distribution;  Ontario  Center,  Summer;  X-Band 
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Lgure  15.  Distribution  of  Fade  Duration;  Ontario  Center,  Summer;  C-Band 
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Figure  17.  Distribution  of  Fade  Duration 
Ontario  Center,  Summer;  C-Band 


Figure  18.  Distribution  of  Fade  Duration 
Ontario  Center,  Summer;  X-Band 
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C.  NARROW  SPACING  CORRELATION  COEFFICIENT  MEASUREMENTS 

The  narrow  spacing  tests  indicate  that  the  derivative  of  the  cross 
correlation  coefficient  with  respect  to  frequency  at  the  origin  is  small 
and  likely  to  be  zero  for  both  C  and  X  band.  This  conclusion  is  supported 
by  the  plots  for  Ontario  Center,  Whit ford  and  Point  Petre  (Figures  19 
through  23).  The  data  do  not  show  conclusively  that  it  is  zero,  however. 

This  derivative  has  importance  in  the  prediction  of  nonreducible 
error  rates  for  certain  digital  modems  that  use  frequency-time  matrices  in 
their  coding  structure.  A  simple  exponential  function  for  correlation 
predicts  a  nonreducible  error  rate  of  about  lCT?  BER  while  a  gaussian 
function  whose  derivative  is  zero  at  the  origin  predicts  a  nonreducible 
BER  of  1CH (see  Reference  2). 

In  the  next  period  some  narrow  band  tests  will  be  considered  using  a 
spacing  of  50  kHz  to  make  a  final  test  of  the  derivative  of  the  cross 
correlation  coefficient  at  the  origin.  The  test  should  be  run  to  study 
the  function  closer  to  the  origin,  for  the  curves  presented  to  be  capable 
of  being  fitted  to  a  simple  exponential.  The  present  instrumentation 
cannot  operate  much  closer  than  this  spacing  due  to  frequency  instabilities 
and  the  required  bandwidth  of  each  channel  in  the  receiving  system.  The 
results  will  be  presented  in  the  next  interim  report. 


FREQUENCY  SEPflRflTION  IN  NHZ 

Figure  19.  Envelope  Cross  Correlation  Coefficients 
Whitford  Field,  Summer;  X-Band,  Narrow 


FREQUENCY  SEPflRflTION  IN  NHZ 

Figure  20.  Envelope  Cross  Correlation  Coefficients 
Whitford  Field,  Summer;  C-Band,  Narrow 
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Figure  23.  Envelope  Cross  Correlation  Coefficients 
Point  Petre,  September;  C-Band,  Narrow 
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The  tollowing  are  representative  sets  of  correlation  bandwidth  and 
fade  statistics  for  the  three  paths  during  the  summer  of  1969-  Plots  of 
correlation  bandwidth,  fade  rates,  fade  durations,  signal  amplitude 
distributions,  and  depth  of  fade  distributions  are  presented  in  sets  of 
X  and  C  band  over  the  same  test  numbers  where  available.  In  some  cases 
the  fade  margins  during  the  tests  were  not  sufficient  to  plot  more  than 
correlation  bandwidths  and  fade  rates.  This  was  especially  true  of  the 
data  taken  at  the  Whitford  field  site  due  to  low  median  signal  strengths. 

The  curves  are  presented  on  a  test  by  test  basis  to  show  the  rapidly 
changing  situation  that  exists  in  the  troposphere  that  affects  propagation 
of  troposcatter ■ signals.  These  changes  occur  over  periods  of  a  few 
seconds  to  a  few  hours,  but  rarely  are  they  constant  for  an  interval 
longer  than  a  fraction  of  an  hour.  The  next  interim  report  will  consider 
the  upper  and  lower  deciles  of  the  measured  variables  to  enable  designers 
to  establish  criteria  for  the  design  of  digital  modems  for  use  on  the 
MALLARD  troposcatter  links. 

1.  Ontario  Center 

The  Ontario  Center  RADC  test  site  is  the  shortest  range  troposcatter 
terminal  in  this  series.  It  is  140  km  from  the  transmitter  at  the  RADC  test 
site  in  Model  City,  N.  Y.  This  short  range  would  naturally  predict  the 
widest  correlation  bandwidth  according  to  the  curve  used  in  the  first  interim 
report.  The  set  of  curves  in  Figures  24  through  28  represent  the  widest 
X-band  cross  correlation  coefficients  obtained  during  the  summer  testing 
period.  There  are  no  C-band  data  available  *  compare  with  this  set  of  data 
since  the  C-band  transmitter  was  inoperative  at  the  time.  Figures  29  through 
33  are  typical  of  the  C-band  data  and  show  the  typical  extremes  through  which 
the  correlation  bandwidths  vary  during  the  day.  Note  that  there  is  an  almost 
one  for  one  correspondence  of  the  companion  X-band  data  (Figures  34  through  38). 
Figures  39  through  43  show  typical  data  obtained  during  the  summer  for  C  band. 
The  data  of  19  August  1969  for  C  band  are  typical  of  the  narrowest  bandwidths 
obtained  on  this  path.  Figures  44  through  48  and  49  through  53  are  simul¬ 
taneous  pairs  of  C-  and  X-band  tests  with  the  exception  of  two  tests.  Here 
a  tendency  for  the  fade  rates  to  run  unpredictably  high  is  very  noticeable. 

The  high  fade  rates  caused  the  cumulative  distributions  of  fade  durations  to 
appear  erratic  in  both  the  X-  and  C-band  cases.  These  high  fade  rates  occur 
often  enough  to  be  viewed  with  concern  because  adaptive  frequency  modems  must 
have  time  to  communicate  the  best  opeiating  frequency  across  the  link.  These 
fade  rates  are  in  excess  of  60  Hz  and  put  the  best  frequency  commands  in  a 
dangerous  time  shortage. 
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One  can  conclude  that  the  correlation  bandwidths  on  the  short  path  are 
probably  the  widest  to  be  expected  on  MALLARD  troposcatter  links.  While  this 
might  cause  some  slight  loss  in  frequency  diversity,  it  should  be  noted  that 
this  disadvantage  is  overcome  by  the  abundance  of  fade  margin  which  was 
always  available  over  this  short  path  (see  Appendix  B  for  signal  strengths). 
Of  course,  the  previous  conclusion  that  the  correlation  bandwidths  a.  about 
the  same  for  C  or  X  band  are  no+iceable  in  these  data  as  well  as  the  data 
presented  in  section  III. 


Figure  24.  Envelope  Cross  Correlation  Coefficients 
Ontario  Center,  Summer;  X-Band,  Wide 
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Figure  25.  Fade  Rate  Distribution 
Ontario  Center,  Summer;  X-Band 


Figure  26.  Distribution  of  Fade  Duration 
Ontario  Center,  Summer;  X-Band 
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Figure  27.  Signal  Amplitude  Level 
Ontario  Center,  Summer;  X-Band 


Figure  28.  Distribution  of  Depth  of  Fades 
Ontario  Center,  Summer;  C-Band 
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Figure  31.  Distribution  of  Fade  Duration 
Ontario  Center,  Summer;  C-Band 
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Figure  34.  Envelope  Cross  Correlation  Coefficients 
Ontario  Center,  Summer;  X-Band,  Wide 
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FADE  RATE  IN  HERTZ 

Figure  35.  Fade  Rate  Distribution 
Ontario  Center,  Summer;  X-Band 
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Figure  36.  Distribution  of  Fade  Duration 
Ontario  Center,  Summer;  X-Band 
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Figure  37.  Signal  Amplitude  Level 
Ontario  Center,  Summer;  X-Band 
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FREQUENCY  SEPARATION  IN  HHZ 

Figure  39.  Envelope  Cross  Correlation  Coefficients 
Ontario  Center,  Summer?  C-Band,  Wide 
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Figure  42.  Signal  Amplitude  Level 
Ontario  Center,  Summer;  C-Band 
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Figure  43.  Distribution  of  Depth  of  Fades 
Ontario  Center,  Summer;  C-Band 
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Figure  44.  Envelope  Cross  Correlation  Coefficients 
Ontario  Center,  Summer;  C-Band,  Wide 
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Figure  46.  Distribution  of  Fade  Duration 
Ontario  Center,  Summer;  C-Band 
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Figure  53.  Distribution  of  Depth  of  Fades 
Ontario  Center,  Summer;  X-Band 
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2.  Whitford  Field,  Weedsport ,  N.  Y. 

The  summer  data  at  Whitford  Field  can  be  characterized  by  the  narrow¬ 
ness  of  the  correlation  bandwidth  as  compared  to  the  short  Ontario  Center 
path.  This  is  to  be  expected  on  the  longest  path  (200  km).  The  widest 
bandwidths  where  the  envelope  cross  correlation  coefficient  goes  froi.  1.0 
to  0.1+  is  about  3.5  MHz  for  both  C  and  X  bands.  The  fade  rates  are  usually 
slower  than  the  Ontario  Center  path,  but  some  of  the  tests  showed  high 
rates  with  median  values  of  10  Hz  at  C  band  and  about  the  same  at  X  band. 

The  narrowest  correlation  bandwidths  were  about  1  MHz  for  both  frequencies. 

There  was  some  concern  over  the  low  signal  strengths  available  at  this 
site  and  the  effect  it  might  have  on  the  measured  values  of  the  cross 
correlation  coefficients.  A  special  test  was  made  using  receivers  with  a 
noise  threshold  of  135  dBm  and  a  channel  spacing  of  500  kHz  by  FM  at  a 
modulation  index  of  1 . 8U  at  the  transmitter.  The  cross  correlation  co¬ 
efficients  were  measured  by  this  method  and  by  the  regular  wide  band 
method.  The  results  plotted  in  Figure  54  indicate  that  the  signal  strength 
and  lack  of  fade  margin  do  not  affect  the  correlation  bandwidth  calculated, 
for  the  200  kHz  spaced  curves  nearly  coincide  with  the  1  MHz  spaced  curves. 

A  typical  set  of  measurements  that  indicate  the  more  narrow  cross 
correlation  coefficients  are  shown  in  Figures  55  through  59  for  C  band. 

There  are  limited  fade  statistics  for  the  durations,  etc.,  due  to  the  low 
fade  margin  on  this  path.  A  set  of  wider  correlation  bandwidths  (Figures  60 
and  6l)  for  C  band  indicate  that  2.5  to  3.5  MHz  is  typically  the  widest 
obtained  during  this  test  period. 

X-  and  C-band  results  can  be  compared  directly  in  the  test  results  of 
29  August  tests  number  14  through  1 6  (Figures  62  through  67 ) .  The  X  and  C 
bandwidths  are  test  by  test  very  nearly  the  same.  Test  14  has  an  X-band 
median  fade-  rate  of  17  Hz  to  the  C-band  11  Hz.  Test  15  has  an  X-band 
median  rate  of  4  Hz  compared  to  the  C-band  median  rate  of  3  Hz.  Test  16 
has  for  X-band,  16  Hz,  and  4  Hz  for  the  C-band  case.  In  nearly  every  test 
the  X-band  fade  rates  exceed  the  C-band  rates  while  the  correlation  band- 
widths  remain  about  the  same.  This  pair  o  observations  adds  evidence 
that  the  effective  scatter  volume  in  both  cases  is  about  the  same,  for  the 
increase  in  fade  rate  would  naturally  follow  a  decrease  in  wavelength  if 
all  other  things  are  left  unchanged. 

An  interesting  occurrence  was  noted  in  tests  3  and  5  of  28  August 
(Figures  68  and  69)  and  a  similar  occurrence  was  noted  the  next  day  in 
test  9  (Figure  62).  This  phenomenon  of  oscillating  the  cross  correlation 
coefficient  has  been  observed  on  a  number  of  occasions.  On  14  August  at 
Ontario  Center  this  type  of  phenomenon  was  observed  to  result  in  a  function 
similar  to  sine  x/x  for  the  correlation  coefficient  versus  frequency  (see 
section  IV-E). 

The  phenomenon  of  ducting  was  never  noticed  at  this  site  during  the 
summer  tests.  This  does  not  imply  that  it  cannot  happen  on  the  Whitford 
site;  it  just  did  not  occur  during  the  time  tests  were  being  performed. 
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The  Whitford  summer  data  can  be  summed  up  as  being  of  low  signal 
strength  with  relatively  narrow  correlation  bandwidths  and  slow  fades  when 
compared  with  the  Ontario  Center  data.  The  correlation  bandwidth  reduction 
does  result  in  a  small  improvement  in  frequency  diversity  modems,  but  not 
to  any  outstanding  extent,  for  it  has  been  determined  in  a  previous  MALLARD 
program  (Reference  2)  that  the  most  significant  diversity  improvement  .  ; 
obtained  when  the  correlation  coefficient  drops  from  1.0  to  about  0.7; 
thereafter  practically  no  improvement  is  made.  The  fade  rates  are  still 
high  enough  to  cause  problems  in  adaptive  frequency  modems,  but  this  high 
rate  is  much  rarer  on  this  path  than  on  the  Ontario  Center  path. 
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FREQUENCY  SEPflRflTION  IN  MHZ 

Figure  54.  Envelope  Cross  Correlation  Coefficients 
Whitford  Field,  Summer;  C-Band,  500  kc  and  Wide  Spacing 
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Figure  55.  Envelope  Cross  Correlation  Coefficients 
Whitford  Field,  Summer;  C-Band,  Wide 
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FADE  RATE  IN  HERTZ 

Figure  56.  Fade  Rate  Distribution 
Whitford  Field,  Summer;  C-Band 
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Figure  57.  Signal  Amplitude  Level 
Whitford  Field,  Summer;  C-Band 


Figure  58.  Distribution  of  Fade  Duration 
Whitford  Field,  Summer;  C-Band 
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Figure  61.  Fade  Rate  Distribution 
Whitford  Field,  Summer;  C-Band 


Figure  63.  Fade  Rate  Distribution 
Whitford  Field,  Summer;  X-Band 
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Figure  65.  Fade  Rate  Distribution 
Whitford  Field,  Summer;  C-Band 


Figure  66.  Signal  Amplitude  Level 
Whitford  Field,  Summer;  C-Band 
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Figure  68.  Envelope  Cross  Correlation  Coefficients 
Whitford  Field,  Summer;  X-Band,  Wide 
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Figure  69.  Fade  £ate  Distribution 
Whitford  Field,  Summer;  C-Band 


3.  Point  Petre 


The  Point  Petre  path  is  l60  km  from  the  transmitter  at  Model  City. 

For  the  most  part,  the  path  is  over  Lake  Ontario.  The  receiver  site  is 
located  on  the  water's  edge  which  might  have  an  effect  on  the  signal 
characteristics.  The  correlation  bandwidths  on  this  path  varied  fr.  as 
little  as  1  to  2  MHz  to  as  high  as  7  to  9  MHz  at  X-band  with  3  to  5  MHz 
as  the  more  typical  value.  At  C-band  the  minimums  were  about  2  MHz,  but 
the  typical  maxima  were  in  the  neighborhood  of  5  to  8  MHz.  The  typical 
value  was  around  4  to  4  MHz.  This  path  can  be  characterized  as  one  with 
fade  rates  that  Jump  quickly  to  a  maximum  and  seldom  does  the  distribution 
rise  slowly  with  frequency.  The  other  two  sites  had  many  unusual  fade 
rate  distributions.  The  narrow  spacing  data  discussed  in  a  previous 
section  is  also  more  definitely  gaussian  in  shape.  Signal  strength  on 
this  path  was  never  a  problem. 

It  is  interesting  to  compare  the  following  sets  of  curves  (all  X-  and 
C-band  pairs)  on  a  test  by  test  basis.  The  data  presented  are  not  exactly 
simultaneous ,  for  5  minutes  of  C-band  are  reduced  per  test  while  only 
2.5  minutes  of  the  X-band  are  reduced.  An  exact  time  correspondence  is 
not  possible.  Figures  'JO  through  7^  represent  the  widest  C-band; 

Figures  75  through  79,  the  widest  X-band.  Figures  80  through  81+  represent 
the  narrowest  C-band  followed  by  Figures  85  through  89  for  the  narrowest 
X-band.  Figures  90  through  99  represent  a  typical  case  of  repetitive  data 
while  Figures  100  through  109  are  typical  of  changing  conditions  that 
result  in  a  wide  spread  of  data. 

In  seeking  reasons  for  the  departure  of  the  propagation  factors  on 
this  path  from  those  of  the  other  two  paths,  one  might  consider  that  in 
the  first  interim  report  it  was  said  that  the  effect  of  terrain  on  tropo- 
scatter  is  most  likely  due  to  the  effect  that  the  terrain  has  on  the 
weather.  Here  we  have  a  smooth  overwater  path  which  is  reasonably  ex¬ 
pected  to  have  significantly  different  weather  in  the  common  volume  from 
that  obtained  by  the  overland  terrain.  A  further  factor  to  consider  is 
that  the  path  is  more  northeast  while  the  other  two  paths  were  east-west. 
This  directional  difference  might  cause  th°  prevailing  winds  to  interact 
with  the  scattering  mechanism  in  a  considerably  different  manner. 
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FREQUENCY  SEPARATION  IN  MHZ 

Figure  70.  Envelope  Cross  Correlation  Coefficients 
Point  Petre,  September;  C-Band,  Wide 
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Figure  71.  Fade  Rate  Distribution 
Point  Petre,  September;  C-Band 
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Figure  76.  Fade  Rate  Distribution 
Point  Petre,  September;  X-Band 


Figure  77.  Distribution  of  Fade  Duration 
Point  Petre,  September;  X-Band 
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FREQUENCY  SEPARATION  IN  MHZ 

Figure  80.  Envelope  Cross  Correlation  Coefficients 
Point  Petre,  September;  C-Band,  Wide 
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Figure  82.  Distribution  of  Fade  Duration 
Point  Petre,  September;  C-Band 
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Figure  83.  Signal  Amplitude  Level 
Point  Petre,  September;  C-Band 
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Figure  84.  Distribution  of  Depth  of  Fades 
Point  Petre,  September;  C-Band 


Figure  85.  Envelope  Cross  Correlation  Coefficients 
Point  Petre,  September;  X-Band,  Wide 
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Figure  86.  Fade  Rate  Distribution 
Point  Petre,  September;  X-Band 


Figure  87.  Distribution  of  Fade  Duration 
Point  Petre,  September;  X-Band 
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Figure  91.  Fade  Rate  Distribution 
Point  Petre,  September;  C-Band 
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Figure  92.  Distribution  of  Fade  Duration 
Point  Petre,  September;  C-Band 
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Figure  94.  Distribution  of  Depth  of  Fades 
Point  Petre,  September;  C-Band 


Figure  95.  Envelope  Cross  Correlation  Coefficients 
Point  Petre,  September;  X-Band,  Wide 
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Figure  96.  Fade  Rate  Distribution 
Point  Petre,  September;  X-Band 
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Figure  98.  Signal  Amplitude  Level 
Point  Petre,  September;  X-Band 


Figure  99.  Distribution  of  Depth  of  Fades 
Point  Petre,  September;  X-Band 
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Figure  100.  Envelope  Cross  Correlation  Coefficients 
Point  Petre,  September;  C-Band,  Wide 
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Figure  105.  Envelope  Cross  Correlation  Coefficients 
Point  Petre,  September;  X-Band,  Wide 
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Figure  106.  Fade  Rate  Distribution 
Point  Petre ,  September ;  X-Band 
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Figure  107.  Distribution  of  Fade  Duration 
Point  Petre,  September;  X-Band 
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Figure  108.  Signal  Anplitude  Level 
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Figure  109.  Distribution  of  Depth  of  Fades 
Point  Petre,  September;  X-Band 
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E.  ANOMALIES  IN  PROPAGATION 

The  anomalous  propagation  is  by  its  own  definition  due  to  phenomena 
which  occur  seldom  and  therefore  merits  only  minor  consideration  in  the 
design  of  modems  for  transmission  through  troposcatter .  These  unusual 
phenomena  result  in  ducting  with  its  usual  associated  high  signal  strei  th, 
unusually  high  fade  rates,  fluttering  caused  by  aircraft,  and  unusual 
shapes  in  the  correlation  coefficient  versus  frequency  curves.  Some 
samples  of  each  of  these  phenomena  are  included  in  the  following  paragraphs 
with  some  comments  regarding  the  performance  of  frequency  diversity  modems 
during  these  anomalies . 

1.  Ducting 

Ducting  signals  are  identified  by  their  relatively  high  signal 
strengths  and  often  low  depth  of  fades  accompanied  usually  by  a  wide  corre¬ 
lation  bandwidth.  However,  the  high  signal  strength  is  the  only  common 
denominator  observed  in  all  ducting  situations  identified  during  this  test. 
Figures  110  through  113  show  a  case  of  X-band  ducting  at  Ontario  Center  on 
11  August,.  A  cross  correlation  is  shown  to  be  very  wide,  but  the  fades  on 
which  the  computation  was  made  are  very  shallow  and  seldom  more  than  5  dB 
below  the  median.  The  fade  rate  is  enormous  with  10  percent  of  the  fades 
greater  than  60  Hz.  In  this  situation  the  signal  strengths  were  in  the 
vicinity  of  -60  dBm.  A  short  time  later  the  C  band  was  ducting  with  the 
results  shown  in  Figures  ll4  through  117.  Here  the  correlation  bandwidth 
is  narrow  with  some  fades  greater  than  5  dB.  The  signal  strength  was  about 
-66  dBm. 

Ducting  has  little  or  no  adverse  effect  on  the  frequency-time  matrix 
type  of  modem  that  obtains  diversity  by  the  use  of  a  number  of  frequencies 
because  the  diversity  is  not  needed  when  the  signal  strength  is  high  enough 
to  provide  sufficient  fade  margin  to  avoid  digital  errors.  Adaptive 
frequency  modems  have  no  difficulty  as  long  as  their  frequency  commands  to 
the  receiver  are  properly  decoded  because  it  does  not  matter  which  frequency 
the  modems  operate  on  in  high  signal  level  as  long  as  both  transmitter  and 
receiver  are  both  on  the  same  frequency.  The  occassional  deep  fade  might 
cause  an  error  in  the  decoding  of  a  frequency  command.  The  link  would 
become  broken  until  the  time-out  and  start-up  have  been  reinitiated. 

Another  case  of  ducting  occurred  at  Point  Petre  where  evidently  the 
C  band  was  experiencing  a  more  classic  case  while  X  band  was  not  fully 
ducting.  Figures  118  through  122  show  the  C-band  propagation  and  Figures 
123  through  127  show  the  X  band.  The  signal  strength  was  -76  dBm  for  X 
band  and  -66  dBm  for  C  band.  The  C-band  ducting  had  the  wide  correlation 
bandwidth,  very  high  fade  rates  with  mostly  shallow  fades  of  which  80  per¬ 
cent  were  less  than  4  dB.  The  unexpected  phenomenon  is  that  the  X  band 
was  not  strictly  ducting.  True,  it  had  a  wide  correlation  bandwidth  most 
of  the  time,  but  the  fade  rates  were  within  typical  bounds  and  so  were  the 
signal  amplitude,  fade  duration,  and  depth  distributions.  In  this  type 
of  environment  the  frequency-time  modem  would  operate  with  some  diversity 
gain  because  the  correlation  coefficient  dropped  to  about  0.8  in  2  MHz 
which  is  known  to  yield  most  of  the  diversity  improvement  (Reference  2). 

The  adaptive  frequency  modem  should  operate  in  this  environment  reasonably 
well,  subject  of  course  to  the  occasional  breaking  of  the  link  due  to 
erroneous  frequency  change  commands. 


73 


8 


75 


0 


140 


140 


3  -W  440  140  ••00 

FREQUENCY  SEPARATION  IN  MHZ 


140 


Figure  114. 
Ontario 


Envelope  Cross  Correlation  Coefficients 
Center,  Summer;  C-Band,  Wide,  Ducting 
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Figure  115.  Fade  Rate  Distribution 
Ontario  Center,  Summer;  C-Band,  Ducting 
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Figure  116.  Distribution  of  Fade 
Ontario  Center,  Summer;  C-Band, 
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Figure  117.  Signal  Amplitude  Level 
Ontario  Center,  Summer;  C-Band,  Ducting 
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Figure  118.  Envelope  Cross  Correlation  Coefficients 
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Figure  120.  Distribution  of  Fade  Duration 
Point  Petre,  September;  C-Band 
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Figure  121.  Signal  Amplitude  Level 
Point  Petre,  September;  C-Band 
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Figure  124.  Fade  Rate  Distribution 
Point  Petre,  September;  X-Band 


Figure  125.  Distribution  of  Fade  Duration 
Point  Petre,  September;  X-Band 
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Figure  126.  Signal  Amplitude  Level 
Point  Petre,  September;  X-Band 


Figure  127.  Distribution  of  Depth  of  Fades 
Point  Petre,  September;  X-Band 
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2.  Aircraft  Effects 

Aircraft  effects  should  not  be  called  an  anomalous  condition  because  it 
is  a  condition  often  present  in  both  military  and  civilian  environments. 

The  presence  of  the  aircraft  for  a  short  interval  has  very  little  effect 
on  a  statistical  test  of  relatively  long  time  duration.  In  fact,  its  .ffect 
is  only  noticeable  for  the  short  period  that  the  aircraft  is  directly  in  the 
beam.  Figures  128  and  129  show  the  presence  of  the  aircraft  by  the  rise  in 
correlation  coefficient,  but  has  little  effect  on  the  overall  test.  The 
fade  rates  shown  in  Figures  130  and  131  are  averaged  over  the  entire  test 
number  15  and  13  to  indicate  that  the  effect  is  noticeable  over  the  entire 
test,  but  during  the  time  that  the  aircraft  were  actually  present  in  the 
beam  the  fade  rates  were  much  higher  than  shown  on  the  curves. 


The  frequency-time  modems  can  operate  through  this  type  of  environment. 
The  adaptive  frequency  modems  were  found  to  have  difficulty  due  to  the  high 
fade  rates  in  Reference  2. 


Figure  128.  Envelope  Cross  Correlation  Coefficients 
Ontario  Center,  Summer;  X-Band,  Wide;  Airplane  Effect  1 
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Figure  131.  Fade  Rate  Distribution 
Ontario  Center,  Summer;  X-Band;  Temperature  Over  85°F 


3.  Unusual  Shape  in  the  Correlation  Coefficient  Curves 

Some  unusual  shapes  in  the  correlation  coefficient  curves  were  noted 
often  enough  to  consider  them  as  perhaps  a  part  of  the  fading  and  multipath 
mechanism  occasionally  present  in  the  common  volume.  This  phenomenon  was 
not  observed  in  the  previous  troposcatter  propagation  work  in  Reference  2. 
If  it  were  present,  it  went  undetected.  The  correlation  bandwidth  curves 
are  presented  in  Figures  132  and  133  because  they  might  give  a  clue  to  the 
behavior  of  the  common  volume.  The  curves  appear  as  if  they  are  following 
some  sort  of  sine  x/x  function.  In  Figure  132  it  appears  suddenly  in  test 
12  at  1930  hours  and  gradually  diminishes,  changing  its  periodicity,  over 
the  several  hours.  The  phenomenon  is  repeated  to  a  lessor  degree  in 
Figure  133. 

This  type  of  propagation  should  have  no  unusual  effect  to  any  of  the 
frequency  diversity  modems.  The  results  of  the  tests  not  shown  were 
typically  the  same  as  the  tests  that  are  shown. 
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4.  High  Fade  Rates 

Occasionally  high  fade  rates  are  encountered  that  could  have  some 
effect  on  adaptive  frequency  modems.  Figures  13^  and  135  are  examples  of 
some  of  the  very  high  fade  rates.  These  high  fade  rates  render  the  best 
frequency  select  circuits  to  be  at  times  spoofed  and  cause  the  adapti 
frequency  modem  to  go  to  a  less  than  best  frequency.  Sometimes  this  can 
cause  an  error  in  the  received  frequency  commands  and  can  cause  the  link 
to  become  broken.  The  frequency-time  modems  can  operate  in  the  high  fade 
rates  without  difficulty. 
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Figure  134.  Fade  Rate  Distribution 
Ontario  Center,  Summer;  C-Band 
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Figure  135.  Fade  Rate  Distribution 
Ontario  Center,  Summer;  X-Band 
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APPENDIX  A 

CORRELATION  BANDWIDTH  COMPUTER  PROGRAM 

A  computer  program  was  developed  which  provides  correlation  bandwidth 
solutions  for  a  troposcatter  link  as  a  function  of  antenna  beamwidths, 
distance  between  sites  and  meteorological  conditions  in  the  vicinity  of 
the  common  volume,  i.e.,  temperature,  humidity,  and  pressure.  The 
geometry  for  the  correlation  bandwidth  computer  program  is  shown  in 
Figure  136  for  reference. 

A  program  flow  chart  is  shown  in  Figure  137-  As  can  be  seen  in  that 
figure,  the  meteorological  conditions  are  used  to  solve  for  the  surface 
refractive  index  constant,  Ns.  An  exponential  model  for  refractive 
index  versus  altitude  in  assumed  for  purposes  of  computing  ray  bending 
due  to  refraction.  Based  on  path  geometry,  calculated  Ns,  and  antenna 
beamwidth,  ray  trace  solutions  for  the  upper  and  lower  antenna  beam 
ray  edges  are  then  obtained  such  that  the  multipath  spread  A  in  micro¬ 
seconds  can  be  obtained.  Although  the  present  form  of  the  computer 
program  assumes  equal  transmitting  and  receiving  antenna  beamwidths 
and  zero  initial  takeoff  angle  (lower  edge  of  antenna  beam  on  horizon), 
a  more  sophisticated  version  of  this  program  is  being  developed  which 
will  treat  the  case  of  nonzero  takeoff  angles  which  may  be  different 
at  the  two  sites.  However,  for  purposes  of  analysis  of  the  current 
experimental  data,  the  form  of  the  computer  program  as  presented  is 
adequate. 

Once  A  ,  the  multipath  spread  is  computed,  the  computer  program 
employs  the  gaussian  (Rice  derived)  model  for  the  correlation  bandwidth 
for  computation  of  numerical  values  of  the  envelope  correlation  function 
versus  frequency  separation  in  MHz.  As  can  be  seen  in  the  flow  diagram, 
a  scale  factor  SF  is  incorporated  within  the  correlation  bandwidth 
model  to  account  for  condition  of  the  troposphere  which  may  vary 
throughout  a  given  day.  That  is,  the  air  within  the  common  volume  may 
be  turbulent  or  may  exist  in  layers  in  which  case  SF  must  be  altered 
in  accordance. 

A  listing  of  the  actual  computer  program  is  shown  on  the  following 
pages  for  reference.  Written  in  standard  Fortran  IV,  the  program  was 
executed  on  the  Martin  Marietta  CDC  6400  computer  facility.  Very  minor 
modifications,  mainly  in  formatting,  will  permit  execution  of  the 
program  on  other  machines  such  as  the  IBM  360  or  IBM  1130.  To 
demonstrate  the  operation  of  the  computer  code,  several  test  conditions 
were  programmed.  The  first  is  the  X-band  wide  Whitford  data  taken  on 
29  August  at  1450  and  1535  hours,  respectively.  The  other  is  C-band 
wide  Whitford  data  also  taken  on  29  August  at  1450  and  1550  hours.  These 
are  both  shown  on  the  following  pages. 
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Figure  136.  Geometry  Applicable  to  Correlation 
Bandwidth  Computer  Program 


92 


Inputs 

IF  »  Temperature  in  Degrees  F 
H  =  Humidity  in  Percent 
P  »  Atmospheric  Pressure  in 
Inches  Mercury 
S  *  Distance  Between  Sites  in 
Kilometers 

Alpha  =  Antenna  Half  Power  Beam  width 
SF  -  Scale  Factor  Related  to  Condition 
of  the  Troposphere 


Output 

R^,  ■  Envelope  Correlation 
Function 

F  ■  Frequency  Separation  in  MHz 


Figure  137.  Computer  Flow  Diagram  for  Correlation  Bandwidth  Computation 
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1-minute  speeds.  If  the  /  appears  in  r* .  ■]  17.  speeds 
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1  certify  that  this  is  an  official  publication  of  the 
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Records  Center.  Asheville.  North  Carolina  28801 
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ADDITIONAL  DATA 

Other  observational  data  contained  in  records  on  file  can  he  furnished  at  cost  via  microfilm  or  microfiche 
copies  of  the  original  records.  Inquiries  as  to  availability  and  costs  should  he  aJJrcsveJ  m 
Director.  National  Weather  Records  Center,  federal  Building.  Asheville.  N  L  28801 
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